The serum protein concentration has frequently been observed to be reduced in certain types of Bright's disease and in various types of malnutrition. Formerly the fundamental cause for this was attributed to either a loss of protein in the urine or a lack of protein in the diet. In 1933 Bloomfield (1) , in introducing his studies on the effect of restriction of protein intake on the serum protein concentration of the rat, critically examined the evidence in support of the loss and lack theory and concluded that such a simple concept did not fit all the facts of clinical and experimental experience. The hypothesis was advanced that some other factor, such as an impairment of or an injury to the serum protein-regenerating mechanism, may be an accessory, if not the primary, factor in the production of a hypoproteinemia. More recent investigations, reviewed elsewhere (2), afford further support for this hypothesis.
In one of our previous paperso (3) and in the communication coming from Whipple's laboratory (4) it was reported that the dog subjected to prolonged plasmapheresis may develop some impairment in ability to regenerate serum protein. In both of these studies the animals subsisted during alternate periods on adequate diets on the one hand and on low protein rations on the other. In our current studies we have been interested in determining as precisely as possible the factor responsible for the inhibition of serum protein formation; namely, whether prolonged intensive loss of protein from the body per se is the etiologic agent or whether lack of protein is also a contributing factor. In the present investigation we have been concerned simply with the first phase of this problem. For this purpose the animals were fed adequate casein rations during the long r6gime of intensive plasmapheresis. Such a procedure, we believe, should also indicate whether or not prolonged proteinuria per se in nephrotic individuals, subsisting on adequate diets, predisposes to an impairment in ability to regenerate serum protein.
Methods
Plasmapheresis, the repeated bleedings of an animal, followed immediately by the reinjection of the corpuscular elements of the blood suspended in Locke's solution, was carried out according to the quantitative technique described in our previous publication (5) . For the determination of the serum protein concentration both a nephelometric procedure (6) and a gravimetric method (7, 8) were employed. In estimating the blood volume use was made of the dye method as improved by Hooper, Smith, Belt and Whipple (9) . Inasmuch as stasis which obstructs the venous return may cause an appreciable increase in the serum protein concentration (10) , samples for analysis were taken either from the femoral artery or from the cubital vein under minimal stasis.
Recently P15tner (11, 12) has reported that variations in the albumin to globulin ratio in serum markedly affected the accuracy of his particular nephelometric procedure for determining the concentration of total serum protein. With a decrease in the ratio the observed turbidities were less than the corresponding values determined gravimetrically. The hypoproteinemia produced experimentally by the technique of plasmapheresis has been reported to be associated with a decreased or inverted albumin to globulin ratio (13) (14) (15) (16) (17) (18) (19) (20) 4) . The dogs used in the present study have also shown such changes in this ratio. 1 In our current investigations more than 100 cross determinations with both the nephelometric procedure (6) and the very accurate gravimetric method (7, 8) were conducted with the sera obtained from our dogs. The results of these estimations have indicated that there is a tendency, when the albumin to globulin ratio is inverted, for the nephelometric values to be less than those obtained by the standard gravimetric procedure. At times the difference may actually be as much as 15 per cent of the true value. The validity of the albumin to globulin ratio as determined in the clinic has been discussed elsewhere (21) . We are of the opinion that such protein fractions are simply artificial products produced by the reagents employed in their preparation; that the serum protein complex is composed of i The authors express their gratitude to Dr. Daniel C. Darrow of the Department of Pediatrics, Yale University, for these determinations. two or more unstable coprecipitation systems in mutual equilibrium; and that the particular protein fractions obtained indicate merely the potentiahties of certain components in the serum to combine, probably by means of residual valencies, into a product that is insoluble under the imposed conditions. In our present studies we have attempted to eliminate any differences in the degree of dissociation of these reversible systems or in the tendency to dissociate which are believed to be responsible for the particular albumin to globuhn ratios obtained. We have found that heating the ahquot of the diluted serum at 90°C. until the first faint turbidity is manifest (from 1 to 3 miautes), cooling and subjecting this to the subsequent steps in the nephelometric procedure will cause no appreciable change in the relative turbidities of normal sera samples when comparisons are made with the standard treated in the same manner. However, with sera, in which the albumin to globulin ratio is inverted, a significant change in the relative turbidities occurs so that better agreement with the gravimetric results is recorded. With this modification in the technique the average percentage deviation of the nephelometric values from the gravimetric was found to be approximately +3.0 per cent.
This nephelometric procedure was used merely to calculate each day the volume of blood to be withdrawn in the plasmapheresis, according to the method described elsewhere (5) . Twice each week these determinations were checked against the values recorded by the gravimetric method. For the important determination of the total amount of serum protein removed each week in order to maintain the blood protein concentration at the basal level, the gravimetric procedure was always used, after removal of the fibrin from the pooled citrated plasmas (22) .
EXPERIMENTS
In the present study the initial experiments dealt with the standardization of the dogs so that, if any impairment in serum protein formation should occur, it would be possible to determine both qualitatively and quantitatively just what phase was affected, the endogenous or exogenous. The determination of the protein minimum for nitrogen equilibrium with each of the animals has been shown on theoretical grounds to be a prerequisite for the proper evaluation of that particular dog's ability to regenerate serum protein (3).
Three adult female dogs were used. At an optimal nutritive index of 0.30 (23) , dog 4-6, a hound, weighed 14.2 kilos; dog 5-1, an airedale, 14.8 kilos, and dog 5-2, also a hound, 15.9 kilos. Preliminary to the nitrogen balance studies the animals were given a vermifuge and then offered an excess of vitamin B (B1) to saturate the tissues with this dietary essential. 2 The dogs were then fed an PROLONGED INTENSIVE PLASMAPHEP~ESIS artificial "synthetic" diet, containing casein as the sole source of protein and fed at a level of 8 per cent of the caloric intake. The plan of the ration followed the kilo-unit scheme (24) and is similar to those used in our previous studies (22, 3, 25) . The sample of casein used throughout the present investigation was a commercial preparation, 3 which contained 13.08 per cent nitrogen. This was indicative of an 82.3 per cent purity (26) . The vitamin adjuvants 4 were identical to those employed in our previous studies (22, 3, 25) and were administered in the same amounts apart from the diet. These supplements are practically free of protein and therefore did not introduce any appreciable amount of that foodstuff into the diet. The animals were fed the ration each day at the maintenance level of 70 calories per kilo of optimal body weight; the vitamin adjuvants yielded an additional 1.5 calories per kilo.
In estimating the casein minimum for nitrogen equilibrium we have followed the method outlined in detail elsewhere (25) . Table I summarizes the experimental findings. Calculations indicated that the protein minima for dogs 4-6, 5-1 and 5-2, expressed in terms of total ingested calories furnished by the protein in the diet, were 9.8, 8.55 and 9.45 per cent, respectively.
For the biological assay of the ability of each of these animals to regenerate serum protein, "synthetic" artificial diets were constructed similar to that used in the simple nitrogen balance studies but containing a casein increment of 0.75 gm. of the pure protein per kilo~unit, over and above the casein minimum required normally for each of the dogs. The protein content of the ration was increased at the expense of an isodynamic portion of the carbohydrate fraction, the other constituents remaining constant.
Subsequent to the nitrogen balance studies dogs 4-6, 5-1 and 5-2 were subjected to a standardized plasmapheresis r~gime, described in detail elsewhere (22) , in order to evaluate their respective abilities to regenerate serum protein. Detailed calculations of the potency ratios are given below. The results indicate that these animals were normal at the beginning of this study with respect to their abilities to regenerate serum protein from materials obtained from both exogenous and endogenous sources.
Dog 4-6.
65 gm. casein ~-increment above the minimum for nitrogen equilibrium of 170 gin. 40.8 gm. serum protein were regenerated during the equilibrium week. 9.8 gm. serum protein = endogenous serum protein regeneration, animal subsisting on the protein-free diet (22) .
Therefore, 40.8 --9.8 65 ffi 0.48, potency ratio. According to our experimental plan the animals were maintained on the adequate casein rations and were subjected to quantitative plasmapheresis for a total of 12 weeks. Following this the protein diet was replaced by the protein-free ration in order to determine whether any impairment in ability to utilize the products of tissue protein catabolism had developed as a consequence of the prolonged, intensive plasmapheresis. The results of these studies, including the periods which furnished the data used in the biological evaluation of casein with respect to serum protein regeneration, are presented in Tables II, III and IV. The details of plasmapheresis are summarized for each period of 7 days. The variations in body weight, in blood and plasma volume and in the hematocrit are also included in these tables, because (a) they afford some indication of the nutritional status of the animals and (b) they constitute a kind Of index of the composition of the blood during such a long experimental r~gime.
When these experiments were begun the weights of the dogs approximated those associated with an optimal nutritive condition, as estimated by the nutritive index formula (23) . Throughout the study all three animals evidenced a progressive increase in body weight so that the final values were approximately from 14 to 19 per cent greater than the initial optimal weights. Barker and Kirk (27) have reported a decreased basal metabolism in dogs subjected to plasmapheresis. Clinically, in patients with the condition known as nephrosis, a similar decrease of from 20 to 30 per cent is frequently * The plan of this ration followed the kilo-unit scheme (24) ; the diet furnished 8 per cent of the caloric intake in the form of protein and was fed at the maintenance level of 70 calories per kilo of optimal body weight as estimated by the nutritive index formula (23) .
t The vitamin adjuvants and the quantities administered are described in a previous publication (22 or 25) .
:~ The protein minima for these animals were estimated from the nitrogen balance data by the method reported in detail elsewhere (25) . manifest (28) . Thus, the increases in body weight in our dogs, subsisting on a diet furnishing calories in amount normally adequate just for the maintenance requirements, are probably due to an appreciable extent to a decrease in their basal metabolic rates.
In these experiments, as in the case of our earlier studies (22, 3), a reduction in the serum protein concentration produced by plasmapheresis is associated with a drop in the blood volume. However, when there is also a significant reduction in the cell volume leading to a passive reduction in the blood volume, then the lowered osmotic 11.0 * Calculated for the animal when ad usted to an optimal nutritive condition, as estimated by the nutritive index formula (23) .
t The protein-free diet was fed daily at a 90 calorie per kilo level. The casein increment ration was administered daily, 70 calories per kilo of optimal body weight. The vitamin adjuvants furnished in addition 1.5 calories per kilo of body weight.
:~ The symbol SP represents the concentration of serum protein in the pooled plasma aliquots after corrections had been made for the presence of the citrate and calcium chloride solutions. effect due to a reduced serum protein concentration appears to be negligible in effecting a further reduction in the blood volume (29) . Under such conditions the plasma volume may actually be greater PROLONGED INTENSIVE PLAS~KAPHERESIS than the normal. Such has frequently been the case in the present study with dogs 4-6, 5-1 and 5-2.
Throughout the current investigation the hematocrit values were always below the initial readings but were kept well within the normal range. When dogs are subjected to plasmapheresis, the hematocrit tends to approach anemia levels unless donor cells are injected periodically. In our previous studies (5) the cells were separated from the citrated plasma, subsequent to each bleeding, and taken up in physiological saline. It was in such a solution that the cells were stored in the refrigerator until the next plasmapheresis.
For the reinjection of these cells the saline was replaced by an approximately equivalent volume of modified Locke's solution (30) . In the present study the latter was altered by the addition of 2.5 gin. of glucose per liter of solution. Cells were always stored for further use and always reinjected, suspended in this modified * The same qualifying statements, added as footnotes to Table II, apply also  to this table. solution. We are of the opinion that the addition of the glucose exerts a profound effect upon the stability of the red blood cells. Thus in our previous investigations (22, 3) an excess of red blood cells amounting to actually 15 per cent of the volume removed had to be reinjected in order to maintain a normal hematocrit; in our present study an excess of only 5.5 per cent was required, despite the fact that in these experiments the animals were subjected to prolonged plasmapheresis. For some unknown reason in the case of dog 4 during periods IX and X, described in the previous paper (3), and in the case of dog 5-2 during periods IX, X and XI in the present study there was a marked destruction of the red blood cells in vivo. This necessitated the injection of a huge excess of red blood cells in both cases of approximately 33 per cent more than that withdrawn. The amount of red cell destruction during these periods was not averaged in determining the relative degrees of hemolysis in both studies, indicated above, Of particular interest is the fact that during the periods of increased red blood cell destruction in vivo both dogs exhibited significant increases in the potency ratios when compared with similar periods but in which the destruction of the erythrocytes were not nearly so great. For this reason we believe that the hemoglobin thrown into the circulation by the hemolysis of the injected red cells is broken down and serves as an additional source of amino acids for promoting the regeneration of serum protein. It is our opinion that this "globin variable" exhibits not only an additive but also a supplementary effect upon the dietary protein, so that the results obtained in our studies as well as in those reported by others cannot be referred solely to the dietary protein.
In the current investigation we have been interested primarily in the ability of the organism to regenerate serum protein when exposed to a r6gime of prolonged, intensive plasmapheresis. During the initial depletion period and the subsequent equilibrium week the dogs subsisted on the high caloric protein-free diet. This ration was then replaced by the casein increment diets, the animals still being subjected to quantitative plasmapheresis. After the adjustment period equilibrium values were obtained and these were used in arriving at the potency ratios calculated above. Subsequently dog 4-6 showed a slow but progressive decrease in ability to regenerate serum protein, but this proved to be only temporary in nature, since it was followed by a prompt rise until the initial equilibrium value was again attained. Dog 5-1 throughout the corresponding periods evidenced no significant changes in its capacity to produce this blood protein. Dog 5-2 behaved in a similar manner. The significant increase in serum protein output recorded for periods IX, X and XI has been attributed to the considerable hemolysis which occurred during these weeks. Thus, in all three dogs we have observed no notable impairment in ability to regenerate serum protein. Evidently these animals, if our hypothesis (3) is true, should still be able to utilize adequately the products of tissue protein catabolism (endogenous serum protein regeneration) for the formation of this blood protein. This was confirmed by changing the animals' rations back to the protein-free diet, the r~gime of quantitative plasmapheresis still being maintained. After the depletion periods, the serum protein outputs were approximately equal to those recorded for the comparable equilibrium weeks at the beginning of these experiments.
DISCUSSION
In our previous paper (3), reporting an impairment of the ability of dog 3 to regenerate serum protein, this animal had been subjected to a total of 15 weeks of plasmapheresis, subsequent to a rest period of 4 months. As was mentioned earlier in this paper the animal subsisted during alternate periods of 2 weeks on the protein-free diet on the one hand and on the adequate protein rations on the other. In other words this animal was subjected at times to both a loss of protein by bleeding and a lack of protein from the diet. In the present study only the "loss" factor was made to operate. Evidently prolonged plasmapheresis per se, resulting in the formation and loss of large amounts of serum protein, does not cause an impairment in the ability of the organism to regenerate this blood protein.
Peters and his associates (31) point out that in conditions of nephritic edema associated with marked proteinuria the patients frequently are malnourished due specifically to protein starvation. The evidence for such a conclusion was based on the prolonged positive nitrogen balances recorded for these individuals when they subsisted on diets containing high calories and more than maintenance quantities of protein. In our experiments with the dog, rations furnishing approximately 40 per cent of protein above the maintenance requirements were fed. Under such conditions in spite of marked losses of serum protein the animals suffered no disturbance in ability to regenerate this complex. Peters (31) emphasizes that besides proteinuria the chief cause of the serum protein deficiency appears to be depletion of the protein stores of the body. In the present study it seems that we have ruled out protein loss as being the significant factor in causing an impairment in serum protein formation. Experiments are planned for the future in which the dogs will be subjected to the protein-free diet (lack of protein) in addition to quantitative plasmapheresis (loss of protein); under such conditions we feel that the change in ration to the adequate casein diet will result in a greatly decreased output of serum protein when compared with the previous control periods.
It may occur to the reader that a period of uninterrupted plasmapheresis of 16 weeks duration is possibly too short to warrant any significant conclusions. For this reason we have attempted to equate the present findings recorded with the dog with those theoretically possible with the human species. In our studies seven dogs have been standardized with respect to their ability to regenerate serum protein, while subsisting on adequate casein rations. The results obtained with dogs 3 and 4 have been described in a previous publication (3) ; the experiments with dogs 4-6, 5-1 and 5-2 were discussed in the present report. Dogs 4-7 and 4-8 were standardized for use in another study; a brief summary of these tests including those conducted with the other animals is presented in Table V .
Consideration of the data present in this table indicates that these dogs, fed diets containing casein at a level of about 13 per cent of the caloric intake, can regenerate each week approximately 93 per cent of the amount of serum protein initially present in the plasma. The quantity of protein fed to the dogs was liberal in so far as satisfying the minimal nitrogen requirements were concerned, but the rations used are not to be considered as being so called "high protein" diets. Thus, in the case of a 70 kilo man under similar environmental conditions this would be equivalent to the individual receiving only about 80 gm. of protein per day. The normal life span of the human being is approximately 4.5 times as long as that of the dog. A similar relationship is observed during pregnancy in both species with respect to the length of the normal gestation period. If such a ratio is accepted as being valid, then the 16 weeks of uninterrupted plasmapheresis conducted in the present study may be considered In other words such an individual fed an adequate ration should be able to lose each day as much as 35 gin. of serum protein over a period of 54 weeks without suffering any impairment in ability to regenerate this blood protein.
The findings in the present study emphasize the remarkable ability of the normal organism to regenerate rapidly serum protein over a relatively long period of time. It seems to us that in clinical conditions of Bright's disease associated with a proteinuria in which there may be a daily loss for example of even 20 gm. of protein per day some other factor must be postulated for explaining the persistence of the hypoproteinemia. It seems obvious that, if loss of protein is to be effective in lowering the protein concentration, it must be extremely large unless there is in addition some impairment of a mechanism responsible for the formation of serum protein.
With respect to such a mechanism it is of interest to compare the ability of the dog to regenerate serum protein with its efficiency in using dietary protein for meeting the general nitrogen requirements. The data presented in Table V show that the respective potency ratios recorded for each of the dogs are independent of the protein minima values. This observation seems to indicate that the regeneration of serum protein bears no definite relation to the nitrogen metabolism of the organism as a whole but may be dependent upon a specific mechanism responsible for the formation of the blood protein. SUMMARY 1. When the dog is subjected to quantitative plasmapheresis and fed appropriate "synthetic" artificial rations, it is possible to evaluate the ability of the organism to regenerate serum protein from both exogenous and endogenous sources. Approximately 44 per cent of the protein, casein, fed in excess of the minimal amount needed normally to meet the general nitrogen requirements, is utilized for the formation of new serum protein. Under our experimental conditions the dog can regenerate each week solely from endogenous sources approximately 0.6 gm. of this blood protein per kilo of optimal body weight. This is equivalent to about 21 per cent of the total amount of serum protein normally present in the plasma.
2. When the dog is fed an adequate protein diet and is subjected to a r~gime of prolonged intensive plasmapheresis (period of 16 consecutive weeks), no impairment in the ability of the organism to regenerate serum protein from either exogenous or endogenous sources occurs. Under our conditions of experimentation the dog appears to be able to form each week an amount of the blood protein approximately equal to that normally present in the plasma. Because of this remarkable ability of the normal organism to regenerate rapidly serum protein over a relatively long period of time, it seems that loss of protein alone in conditions of Bright's disease cannot be the etiologic agent responsible for the persistence of the hypoproteinemia. An additional factor, the "specific" ability of such individuals to regenerate serum protein, must be taken into consideration. 
